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PREFACE 


This document presents the functional design of the HAL/SM 
programming system. The HAL/SM programming language is defined 
in the "ELAL/SM Language Specification, ** and the requirements for the 
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described in the "HAL/SM System Software Requirements Specification. " 
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1 . 


INTRODUCTION 


This document describes the functional design of the HAL/SM 
programming system (a version of the HAL programming language specifi- 
cally adapted for use in the Concept Verification Test (CVT) environment 
on the Space Ultrareliable Modular Computer Simplex (SUMC-S) under 
the Modular Operating System for the SUMC (MOSS)). The HAL/SM pro- 
gramming language is defined in the HAL/SM Language Specification 
(Reference 1), and the HAL/SM system implementation requirements are 
defined in the HAL/SM System Software Requirements Specification 
(Reference 2); familiarity with both documents shall be assumed herein. 

As described in Reference 2, the major subsystems of the HAL/SM 
system and their functions shall be as follows; 

o HAL/SM Preprocessor - convert HAL/SM source 

language modules into HAL/S source language modules, 
perform minimal syntax verification, and provide 
various support features which cannot be conveniently 
or adequately performed by the HAL/S-360 Compiler, 

o HAL/S-360 Compiler - convert HAL/S source language 

modules into IBM S/360 compatible object modules and 
perform complete syntax verification, 

o HALLINK - combine HAL/S object modules into load 

modules, calculate run time stack size requirements, 
and add the stack to the load module and add and/or 
delete certain other CSECTS from the generated load 
module (depending on options specified). 

o Run Time Library (RTL) - when properly linked with 

each HAL/SM task, provide computational routines 
and MOSS interface routines to support various 
features of the HAL/SM language. 

The functional design of the preprocessor, HALLINK, and RTL 
subsystems is described in the following sections through the use of 
structure charts, data flows, and intermodule interface definitions. 

Structure charts and data flows are defined and illustrated in the 
'HAL/SM System Design and Implementation Plan (Reference 3), This 
reference may be used as a guide for interpretation of the structure charts 
and data flows which follow. A structure chart and a data flow diagram 
are included for each subsystem. Also a group of intermodule interface 
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definitions (one definition per module) is included immediately following 
the structure chart and data flow for a particular subsystem. Each of 
these intermodule interface definitions consists of the identification of 
the module, the function the module is to perform, the identification and 
definition of parameter interfaces to the module, and any design notes 
associated with the module. 
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2, PREPROCESSOR 

The HAL/SM Preprocessor is represented by the data flow and 
structure chart shown in Figure 2-1 and 2-2. These figures give an over- 
view of the preprocessor. More detailed descriptions of the input system, 
output system, and semantic routines are given in Sections 2. 1, 2.2, and 
2. 3, respectively. The remaining modules are described in this section. 

Module: XREF Processor 


Functiont Receives and alphabetizes the HAL/SM identifiers to produce 
the cross-reference listing included as part of the preprocessor output 
listings. Each usage of an identifier is referenced in the listing. 

Parameters : HAL/SM identifier. Referencing statement number. 

Module; PAF Processor 

Function: Processes all variables declared with the access attribute 
against the Program Access File (PAF) to determine the legality of 
access to these variables. 

Parameters; Variable identifier with access attribute. 

Note ; This module reads the PAF data set. 

Module; Directive Processor 

Function; Processes both HAL/SM and HAL/S directives. HAL/S direc- 
tives are passed through to the output system for inclusion in the HAL/S 
source. The HAL/SM directive selects the processing options for the 
preprocessor. 

Parameters; HAL/SM directives. HAL/S directives. 

Module: DDIU Processor 


Function: Creates preformatted display messages for the C&D consoles. 
Coded references to the messages are placed in output HAL/S code where 
each message is referenced. The display messages are stored in a 
standard data set accessed by the RTL during program execution. 

Parameters: Display statement symbols. 

Note : The DDIU module consists of several subroutines ; one for each 
different display statement symbol. 
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Figure 2-1 









Module: M&cC Processor 


Function: Converts each reference to 31 -character External Reference 
Point (ERP) names to 9- character ”0 -names” in the output HAL/S code. 

The M&C Definition File is used to verify all ERP references and their 
correct usage. 

Parameters: 31 -character ERP name from HAL/SM source statements, 

2, 1 Input System 

The input system data flow and structure chart are shown in Figures 
2-3 and 2-4, The input system reads the primary and symbolic source files 
and prepares the symbols for processing by the semantic routines. The 
input system interfaces directly with the output system to produce the 
HAL/SM formatted listings. The modules of the input system are given 
below. 

Module: Get Statement 

Function: Provides characters from the current statement. When the 

current statement is entirely processed, the next statement is read from 
the primary input file or the symbolic library. Incoming MACRO defini- 
tions are passed to the MACRO processor. Incoming directives are 
passed on to the directives processor. 

Parameters: Character buffer to return the next character. 

Module; MACRO Processor 

Function; Processes MACRO definitions and MACRO expansion requests, 
MACRO definitions are placed in the MACRO table, MACRO expansions 
are handled through the MACRO table. The parameters to the MACRO 
are expanded according to the model definition. 

Parameters: MACRO Definition, MACRO Name, or MACRO Parameters 
for expansion. 

Note ; The MACRO Processor will be divided into two modules for detailed 
design - a MACRO definition processor and a MACRO expansion 
processor. 

Module; Symbol Processor 

Fimction; Builds HAL/SM symbols (the smallest logical parts of a source 
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statement) from source statement characters. The symbols and their 
associated context are maintained in the symbol table. 

Parameters: Symbol locator giving the position relative to the current 
symbol. Symbol return buffer. 

Note : 1. Symbols which are identifiers are passed to the XREF Processor. 

2, Symbols which are access variable identifiers are passed to the 
PAF Processor. 

Module: Context Processor 

Function: Maintains the context of the symbols relative to the HAL/SM 
grammar. Also allows the context to be selected to obtain a symbol from 
the Symbol Processor. 

Parameters: Context Selector, Symbol Locator, Symbol Return Buffer. 
Module; Get Symbol 

Function; Returns a selected symbol based on context and symbol position. 
Parameters: Context Selector, Symbol Locator, Symbol Return Buffer. 

2, 2 Output System 

The output system data flow and structure chart are shown in 
Figures 2-5 and 2-6, The output system performs the output functions 
for the preprocessor including HAL/SM listings and HAL/S listing and 
source file preparation. The HAL/SM directives indicates the listing 
options to be performed. 

The output HAL/S source code is maintained in two temporary 
files - one for global statements, the other for local statements. The 
HAL/SM source statement can cause the generation of global statements 
in the HAL/S source (which must be placed at the beginning of the program). 
In order to avoid a second pass to produce the ordered HAL/S source, the 
output system maintains separate files which are merged for final output. 
The modules of the output system are described below. 

Module; Put Symbol 

Function; Receives symbols to merge into source statements for output. 

The symbol may either be HAL/S symbols or HAL/SM symbols. 
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Parameters! Symbol to be included in the output. 
Module; Statement Processor 


Function; Combines the symbols to form source statements for output. 
Parameters: Symbol buffer. 

Note ! Also processes HAL/S directives to be output. 

Module: Listing Synthesizer 

Function; Builds and formats the listing snd HAL/S source files for output. 
Maintains the dual output files for HALt/S source which are merged to out- 
put at the end of the run. HAL./SM source statements are formatted and 
sent directly to the line output module to be printed. 

Parameters: Statement Buffer, 

Note : The output options controlling the processing of this module are 

provided by the directives processor. 

Module: Merge 

Function: Combines the local and global HAL/S temporary files to produce 
the HAL/S source format suitable for the HAL/S compiler. 

Parameters; None. 

Note : The HAL/SM root module invokes this module at the end of the 

preprocessor run. 

Module; Line Output 

Function; Performs the actual output to the printer of HAL/S source file 
on a line basis. 

Parameters: Output statement line to be output. 

Note : This module also processes the XREF listing produced for the 

HAL/SM formatted listing. 

2. 3 Semantic Routines 


The data flow and structure chart for the semantic routines are 
shown in Figures 2-7 and 2-8. These modules are responsible for the 
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HAL/SM SEMANTIC ROUTINES DATA FLOW 



Figure 2-7 


HAL/SM SEMANTIC ROUTINES STRUCTURE CHART 
















semantic processing and output of HAL/S code for the HAL/SM source 
statements. This processing is carried out according to the HAL/SM 
grammar in Appendix A. The grammar defines the successive buildup 
of symbols into the HAL/SM statements and buildup of statements into 
the compilation as a whole. The figures for the semantic routines show 
only the top level definitions to. illustrate the basic structure. 

The semantic routines consist of a module for each HAL/SM symbol 
in the grammar. The code generation is carried out in the statement 
processors (one for each HAL/SM statement) according to the templates 
defined in Reference 2. 

Each of the semantic routines is driven by the symbols obtained 
from the input system, and those generated and passed to the output 
system* Individual module descriptions will not be provided for the seman- 
tic routines. 
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3. HALLINK 

The HALLINK data flow and structure chart are shown in Figures 
3-1 and 3-2, The necessary modifications to adapt HALLINK for use with 
the HAL/SM Preprocessor system are in the HALLKED module. The 
modified data flow and structure chart for HALLKED are shown in Figures 
3-3 and 3-4. The following paragraph describes the changes made. 

The HALMAP control section has been suppressed in the Entry 
Processing and in Phase 4A. Cost-use arrays have been suppressed in 
ESDLOOP. RC has been modified to limit the number of process control 
sections per load module to one. 
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4. 


RUN TIME LIBRARY 


The only portions of the HAL/SM RTL considered in this section 
are those modified portions of HAL/S RTL which are included in the 
HAL/SM RTL and modules which are to be created for HAL/SM RTL, 

Each module that appears in the structure chart and data flow in 
Figures 4-1 through 4-7 is described in more detail by an intermodule 
interface definition. More detailed definitions of module interface para- 
meters for those modules being created for the HAL/SM RTL may be 
found in Reference 2. 

Module; ONERR 


Function: To transfer the error information associated with the ON ERROR 
statement to an error stack. (The module shall have two entry points, 
ONERR 1 and ONERR 2, to perform this function. ) 


Parameters: (For ONERR 1) RO - error group number and error 

number within the group. 

R1 - error action indicator. 

R2 - program flag descriptor. 


(For ONERR2) RO - error group number and error 

number within the group. 

R1 - address of statement to which 
execution is transferred when 
the error occurs. 

Notes ; 1. The first execution of this routine links a portion of the error 
stack to the executing program by placing a pointer to the 
specified portion of the error stack in the ERRORLINK para- 
meter of the program stack. Subsequent calls to this routine 
reference that link, 

2. Each call to this routine fills a double word in the error stack. 

3. This routine is invoked by using the HAL linkage convention. 


Module; OFFERR 

Function: To delete a specific error specification from a program error 
stack. 

Parameters: RO - error group number and error number within the group. 




NOT FlUtEQ 
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Figure 4-1 
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Notes: 1. 


This routine uses the ERR OR LINK in the program stack to 
determine the address of the error stack then zeros the 
specified entry in the stack. 

2 . This routine is invoked by using the HAL linkage convention. 

Module: SIGNAL 

Function; To establish the parameter list for the MOSS SET SVC and 
invoke that SVC as required. 

Parameters: FLAG^LIST - a list of the program flags to be set. 

Note : This routine is invoked by using the linkage convention for NON-HAL 

' programs. 

Module: RESET 

Function: To establish the parameter list for the MOSS EVNTDEL SVC and 
invoke that SVC as required. 

Pa r amete r s : EVENT^VARIABLE^LIST - a list of event variable descrip- 
tors of event variables to be reset. 

Notes : 1, The event variable must be commtinicated to MOSS as an event 
variable descriptor. 

2, This routine is invoked by using the linkage convention for 
NON-HAL programs. 

Module: CANCEL 


Function; To establish the parameter list for the MOSS CANCEL SVC and 
invoke that SVC as required. 

Parameters: TASK_ DESCRIPTOR - descriptor of the task to be canceled. 
If no descriptor is specified, the requesting task is canceled. 

N ote s : 1. If an error code is returned from MOSS, this routine must 
alert the HAL/SM error monitor, 

2, This routine is invoked using the linkage convention for 
NON-HAL programs. 

Module: TTERM 

Function: To invoke the MOSS TASK TERM SVC as required. 


- 33 - 



Parameters: None, 


Note : This routine is invoked using the HAL linkage convention. 

Module: JTERM 

Function: To invoke the MOSS JOBTERM SVC as required. 

Parameters: None, 

Note : This routine is invoked using the HAL linkage convention. 

Module: JABORT 

Function; To invoke the MOSS JOBABORT SVC as required. 

Parameters: None. 

Note : This routine is invoked by using the HAL linkage convention. 

Module: TABORT 

Function: To establish the parameter list for the MOSS TASKABRT SVC 
and invoke that SVC as required. 

Parameters: TASK_DESCRIPTOR_LIST - a list of task descriptors of 
tasks to be aborted. If this parameter is omitted, the requesting task is 
aborted. 

Notes : 1, If no parameter is specified, the calling task is aborted. 

2, This routine requires NON-HAL linkage. 

Module: SLOG 

Function; To establish the parameter list for the MOSS LOG SVC and 
invoke the SVC as required. 

Parameters: RO - the address of the character expression to be written 
to the system log. 

Notes : 1, If an error code is returned from MOSS, this routine must 
alert the HAL/SM error monitor. 

2. This routine is invoked by using the normal HAL linkage 
convention. 
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Module: UNL.OCKM 


Function; To establish the parameter list for the MOSS UNLOCK SVC 
and invoke that SVC as required. 

Parameters: LOAD_MODULE_DESCRIPTOR_LIST - list of descriptors 
of load modules to be unlocked. 

Notes: 1* If an error code is returned from MOSS, this routine must 
alert the HAL/SM error monitor. 

2. This routine is invoked by using the NON -HAL linkage convention. 
Module: LOAD 

Function: To establish the parameter list for the MOSS LOAD SVC and 
invoke that SVC as required. 

Parameters: JOB^DESCRIPTOR - descriptor for the job to be loaded. 

Notes : 1. If an error code is returned from MOSS, this routine must alert 
the HAL/SM error mointor. 

2. This routine is invoked by using the NON -HAL linkage convention. 
Module: INIT 

Function: To establish the parameter list for the MOSS INIT SVC and invoke 
that SVC as required. 

Parameters; JOB_ DESCRIPTOR - descriptor of the job to be initiated. 

Notes: 1. If an error code is returned from MOSS, this routine must 
alert the HAL/SM error monitor. 

2, This routine is invoked by using the NON-HAL linkage convention. 
Module; JDEL 


Function: To invoke the MOSS JOBDEL SVC as required. 
Parameters; None, 

Note: This routine is invoked by using the HAL linkage convention. 
Module: TDEL 


Function; To invoke the MOSS TASKDEL SVC as required. 
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Parameters; None. 


Note; This routine is invoked by using the HAL linkage convention. 
Module; SCHEDULE 


Function; To establish the parameter list for the MOSS SCHEDULE SVC 
and invoke that SVC as required. 

Parameters; OPTIONS^BIT^VECTOR - bit vector indicating the presence 
and format of the scheduling options, 

TASK^DESCRIPTOR - description of the task to be scheduled. 
OPTIONS__LIST - list of the options indicated by the bit vector. 

Notes ; 1. If an error code is returned from MOSS, this routine must 
alert the HAL/SM error monitor. 

2, This routine is invoked by using the NON -HAL linkage 
conventions. 

Module; WAIT 

Function; To establish the parameter list for the MOSS SUSPEND SVC 
and invoke that SVC as required. 

Parameters; OPTlONS_BIT_JVECTOR - a bit variable indicating the pre- 
sence and format of the WAIT options. 

OPTIONS__^LIST - list of the options indicated by the bit 

ve ctor. 

Note ; This routine is invoked by the NON -HAL linkage convention. 

Module: ALERT 


Function; To establish the parameter list for the MOSS ALERT SVC 
and invoke that SVC as required. 

Parameters; EVENT_VARIABLE - bit vector corresponding to the 
event variable to be alerted. 

OPTlONS_BIT_VECTOR - bit vector indicating presence 
and format of optional parameters, 

OPTIONS___LIST - list of the options indicated by the bit 

vector. 

Note ; This routine is invoked by using NON -HAL linkage convention. 
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Module: AVERAGE 


Fvinction: To establish the parameter list for the MOSS RDERP SVC and 

invoke that SVC as required. 

Parameters: RO - the number of ERP readings to be averaged. 

R1 - address of the descriptor of the ERP to be read. 

R2 - address of variable into which the average is to be stored. 

Notes: 1. The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors associated with the read 
operation. 

2, This routine is invoked by using the normal HAL. linkage 
conventions. 

Module; SENSE 


Function: To establish the parameter list for the MOSS RDERP SVC and 
invoke that SVC as required. 

Parameters; DELTAS_^OPTIONS - a number indicating the presence of 
the read AI delta option. 

NUMBER_OF__ER PS - number of ERP's to be read. 
ERP^LIST - list of ERP descriptors of ERP*s to be read, 
OUTPUT_AREA - list of variables into which the results 
of the read are to be placed. 

Notes : 1, The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors associated with the read 
operation. 

2, This routine is invoked by using the NON-HAL linkage. 
Module; ISSUE 

Function; To establish the parameter list for the MOSS WRTERP SVC 
and invoke that SVC as required. 

Parameters: ERP_DESCRIPTOR - the RO ERP designator to which the 
issue applies. 

R0_DATA - the list of parameters which form the data to 

be issued. 

Notes : 1, The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors associated with the write 
operation. 
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2. This routine is invoked by using a NON-HAL linkage convention. 
Module; SETD 

Function; To establish the parameter list for the MOSS WRTERP SVC 
and invoke that SVC as required. 

Parameters; NUMBER_ERP_^DESIGNATORS - the number of DO ERP 
designators to be set. 

ERP_DESIGNAT0R__LIST - the list of discretes to be set. 
NUMBER_OF_DO_VALUES - the number of output value to 

be set. 

DO^VALUE^LIST - the list of output values to be applied to 

the DO. 

TIME^VALUE - time in milliseconds that DO is to be pulsed. 

Notes ; 1. The time value may only be used when one DO and output 
value are specified. 

2. The address of an I/O error exit routine shall be provided 
via the SVC for resolving I/O errors associated with the 
write operation. 

3, The routine is invoked by using a NON -HAL linkage convention. 
Module: APPLY 

Function; To establish the parameter list for the MOSS WRTERP SVC 
and invoke that SVC as required. 

Parameters: APPLY^OPTIONS - indicator of special options for WRTERP. 

NUMBER_OF_ERPJDESIGNATORS- number of AO ERP 
designators to which a value is to be applied. 

VALUE LIST - list of values to be applied. 

ERP__LIST - list of designators to which values are to be 

applied. 

Notes : 1. The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors associated with the WRITE 
operation. 

2. This routine is invoked by using a NON -HAL linkage convention. 
Module; WTO 

Function; To establish the parameter lists for either the MOSS WTO or 
WTOR SVC and invoke either of these SVC’s as required. 
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Parameters; REPLiYjOPTlON - a bit variable indicating whether or not 
a reply is to be expected. 

MESSAGE - a character string to be transmitted to the operator. 
REPLY__BUFFER - the character variable into which the 
reply is to be stored. 

Notes; 1. WTOR is to be invoked if a reply is required. 

2, WTO is to be invoked if no reply is required. 

3. This routine is invoked by using a NON -HAL linkage convention. 
Module; DISCON 

Fvmction; To establish the parameter lists to the MOSS ALLSPAGE, 
DEALLSPG, or DISCON SVC’s and invoke one of these SVC's as required. 

Parameters; CONTROL_OPTIONS - the option indicator as to which con- 
trol function is to be performed. 

CR T_PAGE_OPTION - bit vector indicating the specification 
of a CRT and PAGE number. 

CRTJ - the number of the CRT to which the control is directed. 
PAGE_^# - the number of the PAGE to which the control is 

The ALLSPAGE SVC is invoked if the control option indicates 
allocate page. 

The DEALLSPG SVC is invoked if the control option indicates 
deallocate page. 

The DISCON SVC is invoked for all other control options. 

This routine is invoked by using a NON-HAL linkage convention. 

Module; DISBACKD 


directed. 
Notes; 1. 

2 . 

3. 

4. 


Function; To establish the parameter list to the MOSS DISBACKD SVC 
and invoke that SVC as required. 

Parameters; PROGRAM^IDENTIFIER - the identifier by which the data 
set containing the message is identified. 

MESSAGE^ID^# - the record number within the data set 
containing the message. 

BLINK_^OPTION - a bit variable indicating the blink status option. 
CR T^PAGE^OPTION - indicator as to specification of a 
CRT and PAGE number. 

CRT_# - the CRT number. 

PAGE # - the PAGE number. 
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Notes: 1, The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors associated with the display 
operation. 

2, This routine is invoked by using a NON -HAL linkage convention. 
Module: DISADD 

Function; To establish the parameter list for the MOSS DISADD SVC and 
invoke that SVC as required. 

Parameters; PROGRAM_^IDENTIFIER - the program identifier by which 
the data sfet containing the addon message is identified, 

MESSAGE^ID^# - the number specifying the record number 
within the data set which contains the message. 

BLINK^OPTION - the bit variable which indicates the 
blink status option, 

#__PAIR_^VARIABLES - the number of variable control 
word/variable pairs which follow, 

VARIABLE^LIST - the list of variable control words and 
associated variables, 

CRT__PAGE^OPTION - indicator as to specification of a 
CRT and PAGE number. 

CRT^# - the CRT number, 

PAGE_# - the PAGE number. 

Notes ; 1, The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors associated with the addon 
operation. 

2. This routine is invoked by using a NON -HAL linkage convention. 
Module; UPDISM 


Function: To establish the parameter list to the MOSS UPDISM and invoke 
that SVC as required. 

Parameters: #^VARIABLE_PAIRS - the number of pairs of variable con- 
trol words and associated variables to be transmitted. 

VARIABLE_LIST - the list of variable control words and 
associated variables, 

BLINK^^OPTION - the bit variable which specifies the blink 

option. 

CRT_PAGE_OPTION - the bit variable that indicates the 
specification of a CRT and PAGE number, 

CRTJ - the CRT number. 

PAGE # - the PAGE number. . 
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Notes; 1. The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors associated with the update 
operation. 

2, This routine is invoked by using a NON- HAL linkage convention. 
Module; T1 TRANS 


Function; To establish the parameter list for the MOSS T1 TRANS SVC 
and invoking that SVC as required. 

Parameters; TYPEl^PROGRAM_IDENTIFIER - the program identifier of 
the TYPEl program in the program library. 

CRT_PAGE^OPTION - the bit variable which specifies the 
presence of a CRT and PAGE number, 

CRT_# - the CRT number. 

PAGE _# - the PAGE number. 

Notes; 1, The address of an I/O error exit routine shall be provided via 
the SVC for resolving I/O errors assbciated with the transmit 
operation. 

2, This routine is invoked by using a NON-HAL linkage convention. 
Module; TIDATA 


Fxinction; To establish the parameter list for the MOSS TIDATA SVC and 
invoke that SVC as required. 

Parameters; TYPEl_PROGRAM_IDENTIFIER - identifier of TYPElprogram 
for which the data is specified. 

#_OF^VARIABLES - number of TYPEl update variables. 
VARIABLE_LIST - list of update variables. 
CRT_PAGE_INDICATOR - bit indicator of CRT - PAGE 
number specification. 

CRTJ - the CRT number (if specified). 

PAGE_# - the PAGE number (if specified). 

Notes ; 1. The entry point to an I/O error exit routine shall be provided 
via the SVC. 

2. This routine is invoked by using a NON-HAL linkage convention. 
Module; RQSTKYBD 

Function; To establish the parameter list for the MOSS READCD and invoke 
that SVC as required. 

Parameters: ADR CHARACTER EXP - address of character data area. 
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WAIT_INDICATOR - the automatic wait indicator; also the 
parameter in which a return code is specified. 

Notes: 1, The entry point of an I/O error exit routine is provided via the 
SVC list. 

2. This routine is invoked by using a NON-HAL linkage convention. 
Module; SELECT 

Function ; To establish the parameter list for the MOSS SELECT SVC and 
invoke that SVC as required. 

Parameters : DESCRIPTOR^LIST - a list of paired variables; the first vari- 
able specifies the resource descriptor and the second is a bit vector which 
specifies access rights. 

Note ; This routine is invoked by using a NON -HAL link convention. 

Module: RLSE 

Function ; To establish the parameter list for the MOSS RELEASE SVC and 
invoke that SVC as required. 

Parameters: DESCRIPTOR_LIST - list of resource descriptors. 

Note ; This routine is invoked by using a NON- HAL linkage convention. 

Module: CHAN 

Function : To determine which of the MOSS SVC*s CONTROL or CLOSE is to 
be invoked; establish the parameter list to the appropriate SVC and invoke it 
as required. 

Parameters ; CHANNEL_# - channel to be controlled. 

FUNCTION_INDICATOR - control function to be performed. 
FILEjCOUNT - if files are to be spaced, this specifies the 

count. 

Notes ; 1. This module must invoke the RTL routine lOlNIT to determine the 
required file descriptors for the SVC invocation. 

2. Also the entry point to an I/O error exit routine shall be provided 
with the CONTROL SVC. 

3. This routine is invoked by using a NON-HAL linkage convention. 
Module; GOCRIC (STOPCRIC) 

Function; To invoke the MOSS CRITICAL SVC with the enter critical processing 
mode parameter. 
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Parameters: None. 


Notes : 1. This routine is invoked by using HAL linkage conventions. 

2. The mode parameter sent to the SVC is determined by which of 
the two entries, GOCRIC or STOPCRIC, is invoked. 

Module: TEST 


Function: To test an event variable; if the variable is zero, a zero is re- 
turned; however, a non-zero value is assumed to be a MOSS event variable 
descriptor in which case the MOSS TEST SVC is invoked. 

Parameters : RO - the event variable. 

Note : This routine is invoked by using the normal HAL linkage convention. 
Module: TIME (DATE ) 

Function : To establish the parameter list for the MOSS TIME SVC and invoke 
that SVC as required. 


Parameters : RO - an indicator of the type of time value requested. 

FO - return time value (TIME Entry). 

R1 - return number of days (DATE Entry). 


Notes : 1. This routine is invoked (as a FUNCTION by) using the normal 

HAL linkage convention, 

2, The value returned from the TIME Entry is a double precision 
floating point number equal to the value of time in milliseconds. 

3, The value returned from the DATE Entry contains the number 
of days portion of the MOSS GMT value. 

Module: COLUMN 


Function: To increment the column index count of the associated I/O device. 


Parameters; RO - the buffer index count (I/O Column Counter - 1), 


Notes: 1. 


2 . 


3. 


4 . 


The I/O device to which the COLUMN is directed is determined 
from the global data area (HALSYS). 

All data associated with the I/O device is found in the File Control 
Block data section, 

A check is made on the index to determine if it is within the allow- 
able range. If it is not, an error message is sent to the error 
monitor. 

This routine is invoked by using normal HAL linkage. 
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Module? FILEIN (FILEOUT) 

Function; To initiate and perform file I/O operations. 


Parameters; RO - block identification. 
R1 - file number. 

R2 - address of data area. 
R3 - length of data area. 


Notes: 1 . 


2 . 


3. 

4. 


This routine uses the file number to index into the FILES table 
to find the associated file control block. If no file descriptor 
is found in the file control block, the MOSS GETFD SVC is 
invoked with the file name as a parameter to yield the file 
descriptor. If no file descriptor is found, an error message 
is sent to the error monitor. If a file descriptor is found, 
it is placed in the file control block. 

The SELECT, READ, WRITE, and RELEASE SVC's are 
invoked as required. 

FILEIN performs input; whereas, FILEOUT performs output. 
This routine is invoked by using the normal HAL linkage 
convention. 


Module: lOINIT 


Function; To initiate sequential I/O operations. 


Parameters: RO - I/O mode. 

R1 - channel number. 


Notes; 1. 


2 . 


3. 


4. 


The I/O mode is checked for accuracy. If inaccurate, the 
DUMP SVC is invoked. 

The channel number is used to find the associated file 
control block, then the file control block is interrogated to 
find the file descriptor. If a file descriptor has not been 
entered, the MOSS GETFD SVC is invoked to determine 
an appropriate one. If none exists an error is sent to the 
error monitor. 

If a file descriptor exists, it is entered in the file control 
block. 

This routine is invoked by using the normal HAL linkage 
convention. 


Module; INPUT 


Function: To perform input from a specified sequential I/O device. 
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Parameters; None. 




1. If data is read, RO contains the length of data and R1 contains 
the address of the data. RO = zero indicates data is not 
changed. 

2. Error checks are made on parameters in the FCB associated 
with the device. Any errors are sent to the error monitor. 
Severe errors require use of the MOSS DUMP SVC. 

3. The MOSS SELECT, READ, and RELEASE SVC's are used to 
perform the input operation. 

4. The routine is invoked by using the normal HAL linkage 
convention. 

5. CIN and SKIPIN are entries in INPUT. Their parameters are; 

CIN « R3 = address of character string to be filled, 

SKIPIN - RO = skip count (must be >0). 


Module; LINE 

Function; To perform the LINE function associated with sequential I/O 
devices. 


Parameters; RO - desired line number. 


Notes; 1. 


2 . 


3. 

4. 


The FCB for the associated I/O device is determined from 
information in the global data area. 

The calculation of the number of lines to be skipped is 
determined using FCB information and SKI POUT or 
SKIPIN is invoked (depending on the I/O mode) to perform 
the required skip operation. 

Any line errors are reported to the error monitor. 

This routine is invoked by using the normal HAL linkage 
convention. 


Module: OUTPUT 


Function; To perform output to a specified sequential I/O device. 

Parameters; RO - length of buffer segment. 

R1 - address of buffer. 

Notes; 1. This routine uses the buffer index, etc, , in the FCB as well 
as the file descriptor for preparing the output data for 
transmission to MOSS. 

2, The MOSS SELECT, WRITE, and RELEASE SVC>s are 
used for data transmission. 
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3, GOUT, HALPRINT, FLUSH, and SKIPOUT are also entries 
to this module. For GOUT, R3 contains the address of a 
character string to be output. For HALPRINT, R1 contains 
the address +1 of a HAL type character string, and RO 
contains an output spacing control code. For FLUSH, RO 

is used to return buffer position on first entry and to set 
buffer position on secondary entries. For SKIPOUT, RO 
contains skip count. 

4, This routine is invoked by using the normal HAL linkage 
convention. 

5, Error checks are made on mode, etc. , and severe error 
conditions detected require use of the MOSS DUMP SVG. 

Module: PAGE 


Fxinction; To perform the paging function associated with sequential output 
devices. 

Parameters: RO - page count (number of pages). 


Notes; 1. 


2 . 


3. 


4 . 


The FGB for the associated output device is determined 
from the global data area. 

The number of pages is resolved into number of lines to 
be skipped by using maximum lines/page. SKIPOUT is then 
invoked to skip the appropriate number of lines. 

Any errors such as negative page count are reported to the 
error monitor. 

This routine is invoked by using the normal HAL linkage 
convention. 


Module: SKIP 


Function; To position a particular I/O device ahead by a specified number 
of lines. 


Parameters: RO - skip count (number of lines). 


Notes: 


1. The associated I/O device is specif ed in the global data area. 

2. The line information is found in the FGB, The skip count is 
determined from the line information and either SKIPOUT 
or SKIPIN is invoked. 

3. Any errors detected are reported to the error monitor. 

4. This routine is invoked using the normal HAL linkage 
convention. 
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Module; ERROR MON 


Function; To process certain program errors as to any action that should 
be taken on their occurrence/ 

Parameters; None. 


Notes; 


1. The error location, option, message address, group, and 
number can be found in the global data area. 

2. The routine finds the program error vector from the stack 
ERR OR LINK parameter. This vector is interrogated for 

a match with the error that has occurred, 

3. The MOSS SELECT, RELEASE, SUSPEND, SET, TIME, 
and JOBART SVC's are used to perform the specified 
error recovery action. 

4. This routine is invoked by using the normal HAL linkage 
convention. 


Module; LOCK (UNLOCK) 


Function; To perform coordination of accesses to individual data items 
by update blocks. 


Parameters; RO - lock group bits. 


Notes; 1. 


2 . 


3. 

4. 


The lock group variable shall be placed in a job common 
area which must be SELECTed and RELEASEd using 
MOSS SVC's. 

The MOSS SUSPEND SVC is used to wait the task on the 
completion of use of locked group data. 

The MOSS SET SVC is used to indicate completion of 
use of locked group data. 

This routine is invoked by using the normal HAL linkage 
convention. 


M odule; HALSTART 


Function; To perform task initialization prior to initiation and cleanup 
prior to termination. 

Parameters; R1 - address of JCL parameter list. 

Notes; 1. This routine processes execution time options specified 
via JCL by doing error checking on the specifications 
and then initializing the associated global data parameters. 
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2. This routine initializes such area as the error vector 
stack, etc, 

3. Any errors detected are reported to the error monitor, 

4, The MOSS TTERM SVC is used to terminate the task 
after the required cleanup is performed, 

5, This routine is invoked by using standard OS/360 linkage 
convention. 

Module: PROGEXC 

Function: To process MOSS program exception interrupts. 

Parameters: None, 

Notes: 1, The SUMC registers are interrogated to determine the loca- 

tion of the error and other error information, 

2, Errors are handled by reporting to error monitor; con- 
tinuing by use of MOSS CONTINUE SVC; taking a dump by 
using the MOSS DUMP SVC; and/or task termination by 
use of MOSS TASKTERM SVC, 

3, This routine is invoked by using standard MOSS linkage 
convention. 

Module: FORCEND 


Function: To process MOSS fault or error conditions; i. e, , errors not 
processed by the program exception or I/O error exit routines. 

Parameters: None. 

Notes: 1. The SUMC registers are interrogated to determine the 

location of the error and other error information, 

2, An error summary is performed by the routine and the 
MOSS DUMP SVC is used to perform a system dump, 

3. The routine is invoked by using the standard MOSS linkage 
convention. 

Module: lOERR 

Function: To process exceptional conditions encountered in processing 
I/O requestes. 

Parameters; None. 
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Notes: 1. 


The SUMC registers are interrogated to determine the loca- 
tion of the error and other error information, 

2. The error is reported to the error monitor* 

3. There shall be entries into the module for each of the types 
of I/O errors. 

4. This routine is invoked by using the standard MOSS linkage 
convention. 
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APPENDIX 

HAL/SM WORKING GRAMMAR 


Following is the HAL/ SM working grammar, written in standard 
BNF notation. 








tfOT 
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8NF XREF 



<COHP ILAT1QN> ::= <COMPIL£ LIST> 
<C0MPILE tIST> <COMPIL£ BLOCK> 


I <COMP BLOCK OEFINITIQN> 


0 CO«P BiOCK> ; <CLa5 iNG> 


--^retlP-L AT £> 


<TEMPLATE> ::= <CQMP BLOCK STMT> ; <0EF1MIT1QN &ROUP> 

<COMP BLOCK U£FII^ITION> <COMP BLOCK 5THr> ; <8LOCK 8 00 Y> 


> <COMP BLOCK 5TMT> TASK <ACCESS OPTIGM> 


11 I <FUNCTI0N HEA0ER> <R££NTRANT £ ACCESS UPTIDNS> 

< p R D C - £ BUR £ - H EAO£H> <R££ TTTR Afj-T £ AC C E S S BP T 1 S> 


I <NIL> 


<ACCE5S DPTIDN> ACCESS 


ACC -E SS Q P Tr&h f S> - t := <R-t-C-hO aPTiON> <ACCE5S -OPTIONS 

I <ACCESS □PTION> <RIGID QPTIUN> 


<FUNCTIQ^^ HEADER> FUNCTION <TYPE SPEO <PARH HST> 

<PROCEDURE HEA0ER> PROCEOUKE <PAKM LIST> 

<REENTRANT I ACCESS GPTlaNS> : <RE£NTRANT OPTIONS <ACC£55 OPTIONS 


<K£ENTRANT options REENTRANT 


25 


-<P-AfrI^iri^S- : LISTS 

I ASSIGN ( <ID LISTS ) 

( 4 itS - - L -4 -ST> ) ASS 4 GN 

I <NILS 

<10 ^^5TS <1DENTIFIERS 


s^Ts -T ORiGlNAL PAGJS JS 
OP POOR QUALITY 


-CS-T-A-T E HEN T -L-l S^S- 


5 - 1 - 

32 


-<0-£E44mWl^ ROUPS TT ON -&LEMENT > 

I <DEFINITION ELEHENTS ; . <DEF IN I‘ T I ON GROUPS 


<STATEMENT LISTS <LAB STMTS 
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80 


\ ocw 

I <AR IT H - 5 P Se> 4 i)PHUt4AL Pft € € -SP-^C > 


.^ 2 — - 

83 


) 


I <NIL> 


84 <ARITH SPEO <UFTIGNAL ARl TH TYPE 5PEO 

05 1 XO P f - iO M- AL P RE€-S Pfet- > 

86 <PR -6 C 5PEG >--U= 

87 I DOUBLE 

' 1 -<RA 9 - IX >- — - 


--8^ <0P T4- QN -A- L PK £C SPEO i :■ <PKLC SP Et> 

90 r <ML> 


91 <ARITH TYPE 5PEO INTEGER 

1— SCA L AR 

93 I MATRIX <OPTIONAL ARRAYNE55> 

-84 1 VECTOR <QPTIQHAL ARRAYNC S8>- ' 


98^ <OPTIOHAL AKITH TV P£ SP E C - > - t <4RITH TYPE SPEO 

96 I <NIL> 


97 <LITERAL EXP OR *> <LIT£RAL EXP> 

^ 

-98 aiTERAL E XP> ;? » <£ XP H E SS I - Q fi^ 

— “+00 <MINUR ATTR UST> <HIN0R AT T R i ttUT £ > 

101 I <MIN0R ATTRIBUT£> <MIN0R ATTR LIST> 


102 <MINQR ATTRIBUTE> STATIC 

^ p WT OM AW 

104 I DENSE 

j_05 H AL 1 6N ED 

106 I ACCESS 

W 1 LOCK ( <LIT £ RAL E XP -9 R »> h 

108 I RIGID 

1-09 1 N 0N H AL -- ( <NUM B£ R> 9 ; 

110 I <INIT1AL1ZATIQN> 


in <iNniAUZATIQN> ; INITIAL ( <VALUE LISTS ) 

«-2 1 eeN 5 T- A >H^ ( -<VALU£ LI - ST> I 




114 


115 

^ 8 - 6 - 

117 


{ <VALUE> » <VALU£ LISTS 
<VALUES <LITERAL EXP OR ^S 



t -^ UT ’ ERAL EXPS - # <RE P E AT A 8LH VALUES 
I t W VALUE LI STS \ 


118 <REPEATABLE VALUES C <VALUE LISTS ) 

i— t <DC W -V AL U- E L ^ ST > - ] 

120 I <LITERALS 

1 <- ID£ #j Tl - R - l£R - > ^ 

122 I <NILS 


123 ' <DCW VALUE LISTS S := <DCW COLOR OPTIONS t <UCW CHAR SIZE OPTIONS 

4.2^ <DCR 84IN K UPTIQNS » <0C« INTENSITY OPTiaNS 
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-<£)C.W- QiiTP-UT-FliRHAT UPT I Dhi> 


123 


4 Q -P- T10N> R£D 

125 I DKANGE 

- 12^ - - } - YELtaW — - 

127 1 GREEN 

- - 12 a ,f -<Nri> - 

<DCW CHAR 5IZ -6 - 0P T I Q#» { i - - 4 .5 hM 

13C \ 1C MM 

- - - - - - 

132 I 5 MM 

• - 133 1— CN-IL^ 


1 3^4 8U - NK OPT 1 0N> - - i3N 

135 r BLINK OFF 

136 •- - - - — 


1 37 - 


138 


1 1 

1,^9., 

— 



140 


1 3 


-4-4— -?• ■ 


141 

142 

143 

144 



1-6^ 

I <NIL> 


1 45 

146 

147 


<DCW OUTPUT FORMAT QPTIQN> TIME 

I <NIL> 


14S <OCW FORM> : CHARACTER 

^ 1 . 4 ^ 1 4 4^TE G ^ -R 

150 I DECIMAL 

- 4-5-1- 

152 1 OCTAL 

1 33- f-H CXlQECIMAL - 


<--g y 



155 

-1-5-6 •- 


■ < - CL - 05IN^> 8r^- C - t ’ 8S£ • 
1 CLOSE <LABEL> 


i-5^ 

158 

160 

1-4-T' 

162 

- 1^3- 

164 

166 

1-67^--- 

168 

4-69 

IT'' 

1 

172 

173 -- 


174 

1-75 


<5 T A-T-tM-EhrT'> — — EX'I T — <^Pf I ON AL — trA B tL y 
I REPEAT <DPTIONAL LABtL> 

1- GQ TQ-<LAB£l> 

I RETURN 


-R-E- 


I SEND <ERROR SPEO 

l. -efF < £ RROR SP E O - 

I ON <£RR0R SPEO <0N ERROR 0PTI0NS> 



- HGNA - E - CFLAG LI ST> 

RESET <EVENT VAR LIST> 


4-ST> 


I TERMINATE <J0B QR TASK> 

1- - ABORT <JQ8 OK TASK OR L A-aEL -LIST > 

1 LOG <EXPRE5SI0N> 

; -UN LOCK CLABEL LIST> - 

1 LOAD <LAB£L> 

- 4 -4# ITT n A - T€ - <LA6 -E4^ > 

} delete <J0B OR TA5K> 

1 -^ UNDITIDNAL - 5 - T M T> c. - 



I <CALL 5TMT> 

l <scHEDt^LE bimy 

1 <kAIT STMT> 

--4" - .S TMT > — 

\ <READ STMT> 



I <AV£RAi»E AI 5TMT> 


J <IS5UE STMT> 

1 <APPLY ANALOG 5TMT> 

\ <WTU smr> 

I <DI5PLAY CONTROL STMT> 

I C - OISPLAY QATA - 5THT> 

|- <MQOIFY VCW 5TMT> 

— I— ^ REQUEST KEY fr O 

I <5ELECT 5TMT> 


<CHANNEL CONTROL 5TMT> 


<N1L> 


<OPTIONAL LABEL> : <LA8EL> 


I IGNORE <QN ERROR TAIL> 


ERROR TAIL> 


I <NIL> 


AG' iO> 


<FLAG LI5T> <F LAG ID> 


I <EVENT VAR> , <£VENT VAR LI 5T> 
<0PTIQNAL LABEL LIST> <LAB£L LIST> 


I <LAB£L> , <LA8EL LIST> 


<JOB OR TA5K> : := JOB 


original FAG^ 
OF POOR QPALrra 


I <LABEL LIST> 


OR TASK> 


<CONDITICNAL 5TMT> <IF STHT> 


'TATEHENT> 


-LI-5^T> = <£XPRE5SI0N> 
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2 ^. 


.|__<yjlgXAaLi:>.... A8J.ABL£_.L i5T->. . 


— <CALL ST H T ’ > S F — CALL - <LA B6 L V AR > - EM T 5eT> 

- 2-25 

226 I <ARG LIST> ASSIGN ( <VARlAdL£ LlST> ) 

227 <ARG LI5T> : := ( <EXPRESSiON LI5T> ) 

. . <E - m -E-SSjaM-^I-S7^> S-SI-ON > 

230 I <EXPRt5SlQN> ♦ <EXPRES5I0N LIST> 


231 <5CHEDUl.e 5TMT> ?:= SCHEDULE <LA6EL> <5CHE0 PARM UPTION> 

~-234 < - S CHE O TIM E QPT i-Q^> <SCHE& EV€NT Q^T - 

231 <5CHED CVCUC OPnON> 


232 <SCHEO PARM 0 PTI 0 N> ( <eXPkE 5 SI 0 N> ) 

- 2 ^ 3 ^ 

— 2 - 3 ^ . <SC H &i) GP -I^ ON> ir tr I N - <T I M & -^U£> - - 

235 I AT <CLOCK> <TIME VALUE> 

2-36 h — — 

„^ 3 J 7 _ --~ <SC - T 4 £ - 0 -- E - V €--N T 0 P TWNX^ 4 ^-- 4 H^---<ey£NT EXP> <S€HEO POST-EV-ENT TIME DPTiuM> 

238 1 <NIL> 


239 <SCHEO POST-EVENT TIME OPTION> : THEN WAIT <TIME VALU£> 

-2^60 - I <ML> 

-“26^- C H EO C -^- L I C -EH» T 1 QN h > t ; «— r-R"&P-£:AT <:SCH£D INTER VAL OPT 1 0T*> - - 

242 I <NIL> 


243 <SCHED INTERVAL OPTION> AFTER <TIME VALUE> 

T- < ^i- L> — 


246 ^CLUCK-a)-^. 


247 <TIME VALUE> : <ARITH VAR> 

—24^ 1— <TIME LITE -R-AI=> 


— 24 ^ <AR 1 T H -V^ AR> <VARI - A 8 L£> - 

-2-5^^ CRAIT STHT> ;s - -» ---- WAIT <WAIT F OR OPT -HW->- <W4 IT -U-NT^IL -QP-T^aN^- 

-^-34 <WAI T --F- Ok OPTIQ N- > : : ^ -f^--- 4 ^fq^ 0 NAL GLOCK> <TI 4 E VALUE> -- 

252 I <NIL> 


253 <OPTiaNAL CLQCK> : <CLQCK> 

_2„54 1 <NIL - > 


2 55 

256 


- -EXP> <TH£-M-WAIT OPTT€TN> 


I <ML> 


257 <THEN WAIT QPTION> , THEN WAIT <TIM£ VALUE> 

ZS& <.N...LL> : 


-2 59- -<E-A^N T £XP> <£VEN - T TERM> - 

260 I <EVENT TERM> <QR> <EVENT EXP> 


^56 





^40 — 
262 


I <EVENT FACTQR> <AN0> <EVENT TERM> 


<£VENT FACT0R> ii- <EVENT PRIMARY> 


-2-6r5- 

266 


I <EVENT VAR> 


<EVENT VAR> <EV£NT U)> <SU85CHIPT*> 



I <NQT> = 


I <N0T> < 


<0PTlQMAt NQT> NOT 



I <D1M L1TERAL> 


<ARITH EXP> :: <EXPReSSlQN> 


<OIM LITERAL> ::= <NUMBER> <DIM> 


<DIM> VDC 


I KV 
-M4V- 
I UV 


oeiginalpaq^ 
OF POOR QUALIX^ 












- 306 

1 MhZ 

307 

1 PP5 



- 

309 

\ DAY 

3-1^ 

■ 1 HR 

311 

I HIN 

- 312- 

1 SEC 

313 

1 MSEC 

31/, 

I U 5 E C 

315 

J OHM 

346 - - • 

f 

317 

1 MOHM 


3 18 - j -H- 

319 ( MH 


42-0. 

321 

322 

323 

324 - 

325 

- — , 

1 FD 

- -4— U64 - 

( PFD 

1 KM 

1 - - - - 

327 

A - 

i uw 

.- _ , ,-} -V-Aji( - ... 

329 

3 30- •• 

331 

i Dew 

46 — — 

\ KVA 

1 K Nr ft ft 

333 

.. U - 

i DBM 

1 pfT 

335 

} P5IG 

1 n ^ T r A - 



33 ; 

^ _ 

1 ro 1 vM 
1 PSl 
1 MM HG - 

339 

rs y. 

i INHG 

) MB ■ 



341 
? 

j IN 

343 

/j ft 

1 M 

1 km - - 

345 

a A A 

1 MM 

347 

^ A 0 

1 FT / SEC 
1 M / S FT 

349 

1 KT 

1 M A r H .. . 

J 3 %J 

351 

a c 0 

\ n AC n 
1 DEG 

! Ak f M I fJ 

353 

364 

1 ARCSEC 


355 \ MRAD 

3-5^ 1 -. R EV 

357 I DEGC 

...... 35 a J— 

359 I M / 5 / S 

- - 3^ 0 - 4- f— S - 

361 I G 

.3^ 4— &W4 

363 1 CFM 

— 364 - j-4-3 / MR 


465 <R £A£> 3TKT> <R£A0 5T h T TyP^ -|> > ’<S€^ i-Q -tiST-irf>4-lON>- 



366 <R£AD 5TMT TYPE> : READ 

h ft£ADAi.L - 

^-6^ <^ I T C -6- THT> ^RI - TE ( <( >t UH fr £K> -t 'XSEU 10 tlSf GPT IUN> 

3-cr9 <6 -£ Q I0 - b f- ST - 0P ^lfr- N> : ; ^ <S €^h~ie LIST > 

3 70 I <NIL> 


371 <5EQ 10 LIST> <SEQ 10 ELEMENT> 

37 2 h-^ S£Q I B— €4^ H&NT> f <SE -Q- I B- LI S T > 

4 $£U I0 - £L£M£NT> <S £ y lQ 4£mTR-0L> 

37A { <EXPRfcS5I0N> 


375 <SEQ rO CONTROL> ::= <5Eu IQ CONTROL TYPE> i <cXPRESSION> ) 


376 <SEQ IQ CONTROL TYPE> H- TA6 

"3^7-7 1 — COLUH -N • • — 

378 I SKIP 

^ \ 4- 1 HE 

380 I PAGE 


381 <AVERAG£ AI 5TMT> it= AVERAGE <ARITH £XP> READINGS OF <ERP DESIGNA 

^83 < A ^ l -G N >--< VAR 1 A 6 L £> 


CASSIO N X I f ASSIGN 

383 I AND SAVE AS 


384 <REAO ERP STMT> : : := <REAO ERP KEYWORD> <ERP DESIGNATOR LISTS 

3-04 ^ — 4 D E L T A S ^I£m> < AS S I GN> <V AR I ABLE L IST > 

3-35 <R£AD CRP KC YwQRQS ■ l -e * MEASURE 

386 I SENSE 


387 <£RP DESIGNATOR LISTS :i= <ERP DESIGNATORS 

3-33^ 1 <ER P DE -S- IGNAT -B RS y < -£ RP DES IGN AT OR LISTS 

■335 <D E LTAS - OPTIONS DELTAS 

390 I <NILS 


391 <I5SUE STMTS ISSUE <RTIQ VALUE LISTS TO <ERP DE5 IGNATQRS 


392 <RTIO VALUE LISTS i:= <RTID VALUES 

333 — 1 < - RTIO V - ALUES > <RH 8 -VA - LUE L -I5f> 

354- <RT1Q VALUES 3 <VARI ABLES - 

395 I <BIT LITERALS ORIGINA|» PAGE IS 

354^ 1 <AR IT H LITERA TE POOBrQUALITU 

<A -R- iTH H - TERAL - S t a * <C ONSTANT) 

35^ <8 - 1 T L!T4 - RAL> ^ := <C -8 NSTANT - > -- 

355 <$ET DISCRETE STMTS 34 = S£T ^ <ERP - DE S4 GNATOR LISTS <T 0 V Atu 6- ;GPT IGN: 

399 CPULSED OPTIONS 


400 <TQ VALUE OPTIONS TO <RTIQ VALUE LISTS 

1 <NIL> 

-A02 <PULS£Q OPTIONS :ta FDR <TIME VALGE> 

-59- 




AQ3 


J <MX> 


^ <AWLY AhA±Q 6 - S T H H »--<■ A ^PirY-~i^e¥itaR'&->- < A-H> t Y- V A Lii£ tIS F> TO 

404 <ERP DESIGNATQk HST> <APPIY TAIL> 

405 <APPLY KtYWORO> i '• = APPLY 

4^ I SE.VO 

4^ ALU £ •— 

408 I <GTY OR AEXP> , <APPLY VALUE LIST> 

40^ <APPLY TAri> ::= FOR <TIRE VAUUfc> <RAMPIMG> 

AlO - I- <-D€ L-WS- -OP1^iOJO- - 


4^ P- I <V6 -^ TY OR- A€ XR> 

412 I <ML> 

413 <KAKPING K£YWDRD> St= UNTIL 

~: -4i4 - - I 

4^1-5 H T > i 0 1 5 PL A Y--Tti-i3P-eH-A-f BR- < t X4> RE 5 S- < k T 0 T A i L^ 


414 - -<-#W-TA4L> -r--A-£CEP-T RcP-L-Y 141 <CHAR VAR> 

417 I <NIL> 


418 <CHAR VAK> <VARlAdLE> 


419 

4^ 

421 

4.2 ^- 

423 


<DISPLAY control STMT> ::= PA&t 6 tj.£CT <CRT OPTION> 

^ - 

1 ALLOCATE <CRT SPEO 
. 1... —C-€-R-T^ 

I <VI0E0> <STRUKE OPTION> <CK T aPTiaN> 


424 


<VIDEQ> VIOEGl 

- — )-V49€&^ — 


—4 24— - -- <5--TR^uK-e“t^T-T"ef4>-^-^* ~ E 

427 1 <NIL> 


42S <CRT 0PTI0N> <CRT SPEO 

— 


<L-!^T -SP £-€>- 


<NUH6tj<> > 


— 4.34 <D I SPLAY JATA— STMT>- ; DISPL - A Y-^4 t>E^ T I4:f <€RT OP HQH>- 

432 f DISPLAY <BACKGKaUND OR A000N> <CKT 0PTli:)N> < 8 LINK QPTIGN> 

-4-3-2 - <iH4P_4 ^y FORMAT LiPnaW> <V£CTOR 0PTI0N> 

433 1 UPDATE <I0£NTIFIER> <VARlABL£ LIST> <CRT 0PTIQN> 

— 434 . „ . 

— 43^— <^A tk i G ROUND Q M ■ ADD Q M- > i l - - B0K - 0 4jN 0 - - - - 

436 I ADDON 


437 <BLINK 0PTI0N> ::= BLINK STATUS 

---438- |_-<N44> — - 


—439 <4mP- L - A Y- F OR MA T e P T 4 Q H- > - --^OfSPLM- fOMM4T LT'5T> 

440 I <NIL> 

441 <DI5PLAY FORMAT LI ST> ii- <DI SPLAY FORMAT ENTRY> 

--442 1 < D1 S P LAY - FQ RMA T Etn T^-Y>^g- <D^Sft^d^Y Li ST > 



/ 


443 <0I5P1-AY FORMAT £NTRY> : : = 

— - --4^4^ i t it^-UP TIU - N> <E »f- C<jl- 6^T4aN> <DF DATA OPTiUN> 

- - 445- — <D-f -W 4N 5 > 

446 I <^4IL> 


447 <DF COL CPTIQN> :: = COL <NUMB£R> 

j — 


449 -^l>F-4)A4A -DPT 10^^>- v;»-#iDTtf <MUMBtR> <DCi« VAR> FOR <VARIABLE> 

45^^ I <OPTIONAL DCW YAR> TEXT <CHAR LITERAL> 


451 <CHAR LITERAL> 

45£ 1 CH 4 R 


:= <CHAR 


STRING> 

•STRiNG> 


4 53— i/AR->- 

454 I <ML> 


455 <DCh VAR> <VARIAbLE> 


456 <VtCTOR OPTIQN> <VECTOR LI5T> 

- 45 7 |-<N44> — 

-- 458 - -<V«-4eR- H - S T >- ^i^^-^V5eTeR - SP EO 

459 I <VECT0K SPEO <VECTOR LIST> 

46C1 <VeCT0R SPEO i:= VECTOR FROM ( <NUMBEK> # <NUH6cR> ) TO i <NUMB£R> 

— - 460 <4I U M B £ R-O-T- < OP T 1 ON A L UCW VAR> 

4^ S T M T > - ^ Y- <DC W V AR > = <0C^ VALUE LIST> 

45^ CR EWE ST -)4 5YBD - STMT>-i t~ ft - £ DU ENTRY FROM < KEYBOARO > AND SAVE A 

462 <CHAR VAR> <PU5T UPTiGN> 


463 

444 


4-65- 


<PQ5T QPTION> 


<DIT VAR> Ii4 


::= AND POST <8IT VAR> 

<VAR1A 6 1E> 

< - R E S& OR C£ T Y P £ > <SELECT LI5T> 


44-7- 

468 

464- 


I DATA 
- I PR -9- GRAM 


070- 




471 

472 


473 

474 ^_. 

475 

476 -- 

478 

-47^5— 


-€4.-eM6#T e HOOE> 

I <5ELECT ELEMENT L MUD£> , <SElECT LISI> 


<5ELECT ELEMENT C MODE> ::= <5ELECT EL£MENT> <5ELECT MODE> 


<SELECT ELEMENT> : JOB COMMON <LAB£L> 

- --4 -5^57€-H -<44554^^ - ORTY^TXt 

I CHANNEL ( <NUM8ER> i <DS OP TI PAGE TQ 

. 1_ file O -<mmaEiO>~4-a)5--0PTlDNS> POOR QUALn^ 

<5#tr €CT MOOe - > ::^ 

I SHARED 

J- — 


45 ^ 


- iiPT - < D 5 -AC-C-5-55-^ DB> t OISP = <DS DISP> 

-61- 



481 

4-8-2 

483 

... 

<DS ACCESS MODES J:= READ 

f-RB-A-0- 4ND--W44TE 

1 rtRITE 

1 UPDATE 

- 


485 

486 

•<DS D15PS ;:= LEAVE 
1 REMIND 



487 

<RELEA5E STMTS ::= RELEASE <RELEASE 

LISTS 


488 

439 

<REL£ASE LISTS :;= <R£LEA5E ELEMENTS 
r XKELEA-SE -ELEMENTS , <RELEA$£ 

LISTS 



•4^ • <^64 5A S6- cicNfcN4-> : J=--4UA^L>- 

491 1 CHANNEL { <NUHBEK> ) 

492 I FILE ( <NUHbeR> ) 


493 <CHANNEL CONTROL STHT> CHANNEL ( <NUHtiER> I <CHANNcL CTRL TAIL> 

-444 - - <€HANN£-4--GTKL-- TATL-> .ir^^.4SHACEH> <OHTIONAL At-XP> <FILES> 

495 ( REWIND 

4 96 f UNLOAD 

497 I ENQ P ill 

. U9B I CLOSE FILB 

■'■-'49-9 <SP AGEH> s r* SPAG€ ■ 

5 JO 1 BACKSPACE 

501 <LPTIUNAL AcXH> ::= <ARITM EXP> 

5^2 - - f <NIL> 

<H-4LE'S> 

S^'A I FILES 

5C5 
■ 504 
507 

” 54-g 

5<“9 

Sir <C0WPOUND TAILS i:= <BLOCK dGDY> ,* <C105ING> 

511 <00 BLOCKS ::= OG <D0 uPTIDNSS ; <STATEMENT LISTS ; <ENOING> 

512 <PROCEDUKE BLOCKS <PRaC£yUR£ HEADERS ; <COMPUUNO TAILS 

513 <FUNCTION BLOCKS : <FUNCTION HEADERS ; <CU«POUNQ TAILS 


514 <UPDATE ELuCKS : UPDATE ; <COMPaUND TAILS 


515 <CRITICAL SECTIONS ::= CRITICAL SECTION ; <CQMPUUND TAILS 


516 <£ND1NUS : EnD <OPTIQNAl lAdELS 


517 <D0 OPTIGNSS : <00 aPTIONSS <FQR LISTS 

1 . -<-DJ~4i« I4U^LS0L_<4(*^ S 

519 1 CASE <EXPRESSIONS <aPT.IGNAL ELSES 

52C^ I <DO-OP-TIUN-S-S--4SPIiONAL TEMP LISTS 

521 I <NILS 


<nESTEO scopes <00 BLOCKS 

I <PROCED-UT^ BLOCKS 

I <FUNCTIUN BLOCKS 

-- — f--<Bf4)-A TE - BL - OC - K> 

I <CR IT ICAL SECTIONS 



522 «i T mi'iAL- ii - <-^r-A-T-£-W £ N T > 

523 \ <ML> 


524 <uPT10NAL TBi^P L15T> : <TEHP DCL LIST> 

5 25 - - - - - -I <kit> - — 

5 26 " <T EHP O^t t i ST> : i = -<Te+tP OCt> 

527 I <T£MP DCL> ; <TEMP OCL LIST> 


528 <POR IIST> ; <POR K£ Y> <IT£RATION> 


529 <FQR K£Y> FOK TEMPORARY <ID£NTIFI£R> = 

5 30 1— F-GR < VWi-l AS L €->-^= 



533 <1TERATI0N*> , <EXPRE5SI0M> 

5 34 f--^-<t^^^-SS^af^>--<I T£RATl 0N*> 

535 1 TO <EXPRE65 IQN> 

5 3-6 • < L X i> RE6! y ie i T> < - IT E RAT i 

537 I BY <EXPRE65I0N> 

5 3 8 h I ON • > 

5 3 9 - L c-^ £ 5 5 1 QN> 

54*' I UNTIL <eXPRE5SI0N> 


541 

542 

543 

544 
5^5 
546 
5 A 7 

548 

549 
5 5C 
55 T-- 
552 
5 53 - 

5 5A- 
555 


<EXPRESSION> <QPERAND> 

— 1 ' <£^>^ER-^W>-<OP-fR-A-TOR-> <&P E R A NO > 


— «tH^ERrAT6fr> 

I - 


I / 


I 

I <ANO> 

I <0R> 


I 


<REL GP> 
<N40 


<Q 

1 It 


556 

. 5 . 5 : 7 ^. 

5 58 - 
559 

5 60 

-561 

562 
563 — 
564 
5-65- - 
566 
5 67 
568 
-5-69 


<DPERAN0> <PRIMAKY> 



< SUBSCR 7 PT - 4^U^^-1P-T> — 

I <SU8SCRiPT> <5UBSCRIPT'> 

<PRIMARY> ( <EXPRES5I0N> } 

|^-^<aP-g-R- AND> 

I - <OP£KAND> 

|._ata7>-<QP ER AAO) > 

I <LITERAL> 

L>.4V.ARI A54,£> 




I <FUNCTION HEAO> 

I <INLIN£ OEF> <COMPQUND TAIL> ; 

~-63- 



570 . , 

571 

„5-T2. 

575 

5 74 
575 

5 76 

577 

578 
57v 
5 80 
5 81 

582 
5 83 
584 
535 
5 86 
587 

583 
5 89 
590 

-5-94 

592 

593 

594 

595 
-596 

-59 7 

598 

599 

' — 
- 

6C2 
oG 3 

-644 

605 


60 6 
607 

^ijS- 

6C9 

610 

611 

612 


1 <B IT .CGNV£KSI QW>_. 

I <CHAKACTEH CQNVEk5IQN> 

I 

<ARITH C VERS I GN> <ARITH C0i^V> <6UB5CRIPT»> ( <CGNV PAKH UST> ) 

<Cuft}V PARH LISl> : <C□^^IV PAHM ELEHENT> » <CGNV FARM LIST> 

1 <Cl!MV farm element> 


<CQWV PAKM ELEMEtiT> <ARITH EXP> n <tXPR£5SiaN> 

I <EXPRE4SI0M> 

<AK1TH C0lvy> i J- VECTGR 

I MATRIX 

- S4A0-A-R- — 

I INTEGER 

<BIT CJiMVEKS iaNl> : := BIT <CUNV TAIL> 

<CyiARkCTER CDN\/ERSWN> CHARACTER <C0NV TAIL> 


<BIT PSEUDO VAR> : SUbSIT <C0NV TAIL> 

<CQNV TAIL> ::= <SUbSCRlPT*> ( <£XPRESSiaN> ) 

<FUNCTIUN HEAD> <PREFIX> <FUNCTIUN ID> <5UBSCRIPT*> 


<INLINt DEF> FUNCTION <TYPt SPEO ; 

<VARIA8LE> 5UB3I T <5Ub5CRlPT<> ( <VARIA81E> } 

-I £IL£--^ <t XfH<^S5IQN> ) 

I NAME ( <NAME VAR> ) 

■ - F— 

I <PREFrx> <VAR I0> <5UBSCRIPT*> 

I- CH-A R A0:-Tl^ft- < 6W6vH:R I P T-‘ > < ARG LI 5 T > 

I BIT <SUaSCRIPT*> <AKG LiST> 

<NAME YAR> : <VARIA8LE> 

- - - 

<i.-AB Et- - VaR> ^ J V-AR I A8L c > - 

-<PH-EP I X>M— —CSTRU^CT I^>- - 

I <5TRUCT ID> . <PR£FIX> 

f— 

<SU8SCR IPT> SCRIP T- h I NE> 

I <NIL> 


<5UB5CR1PT LINc> i := <NuMbER> 

- 4„ <4caP4A-&4.-P> 

1 ( <SU8 LIST> ) 

<sue LI S1> : <sua> 

4--<S -<• Sl^-Ll- S-P*- > - - 

.. 

I , <5U6> <5U8 LI5T»> 

i - t <4UB> - 

I : <SUB> <5UB LI'ST*> 

4 -f <Sm> - 64- 



613 


<SU6- 14*^1^ 


6 1 4 

615 I a <PkEC SPhO 

6 16 - — f <eXP-R&6SI0N> 

617 I <5UB EXP> <iUB TAIL> 


618 
—6 1 - 9 ' 
620 


621 <5UB TAIL> it- <AT OR T0> <SU6 EXP> 

^22 T0> <€X-P-RE^-lijfi> 

623 1 <NIL> 


624 <AT OR T0> : AT 

62 5 - 4 W 

6 26 
627 
626 
629 


■'^R'AB'T'X^ — -I J -« HE X 

I OCT 

h-a-HJ — - — 

\ DEC 


<SU6 EXP> H 

V # <CXP R-e S - 5 IO N>- 

1 n - <EXPRESS1GN> 


630 <LITERAL> hiUcL 

531 -i-m- 

632 1 GEF 


6r3-3 

634 

6 35— 

636 

637 — 

638 

640 

-“641 


^ . • • 

I FALSE 

) Q4E-W-. - - 

1 CLOSED 

-E~W4H6 “T iM-Gtt- 3 - 

1 <RADIX> ( <NUM8ER> ) <CHAR STRING> 

6-<R ADIX> <CHAK ST - R 4- NG >— - 

I <CHAR LITEKAL> 



(BLANK) 
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